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‘ Thére are several constants which have been devised
as numerical representations of the behavior ‘of ‘metals under
the action of loaddings which stress the metal within ths . -
range of elastic action, Some of these:constants, such as'
Young's modulus 0f- elasticity in tension and - compressiOn
shearing. modulus of elasticity, and: Poissonts|Fatio, are | .
regularly, used in- engineertng calculations, Precise* tcsts-.-
end experience indicaté thet thése elastic ' constents ere_f ..
practicelly unaffected By~ ‘many ° of. the factors which influencegx
the other mechanical'properties of materials and that a féw
careful deferminations ‘under proPerly controlled- conditions
are more useful and reliable than many determinetions made
under less favorable conditions. 4 .

it is the purpose of this paper ta outline ‘the methods.hx--
employed by the Aluminunm Research Laboratorlss for the deter— .
mination- of some of thessé elastic constants ‘¢ '1ist the values“
that have been determined for ‘sone of the. wraught aluminum al-
loys, &nd to indicate the variations in the values that mny be ; ©
expected for some .of the commercial products of- these alloys. .

'e

*In this discussion from the viewpoint of  the ‘designing
engincer'ts’ intereet “precise“ is intonded to0 mean within
limlts of -error of about 1 percent, The authors appreciate .
that other more precise methods ars avallable, with which
the elastic constants -of metdls can be determined within'
closer limits. Such degree ‘of preciszon “however, is genor—
ally of . more interest to. ths phyeicist end thae acedemic b ol o
search worker than to-the designling e

x
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METHODS OF DETERMINATION OF ELASTIC CCNSTANTS

Since the evaluation of an slastic constant of a metnl
involves the preclise determination of the strains resulting
from stresses set up in tho material by applled lcads, it is
essentinl that the loads be known within suitable limits of
accuracy, The loads are usually applied by means of one of
the many types and sigég™of commerclally availadle testing
machines, Even though well-recognized standard methods (ref-
erance l) of verification of testing machines are followed in
calibrating the machines t¢ be used in detcrmining the elastic
constants, yet it should be noted that these standard methods
of verifications are primarily intended to check the machinecs
within limits suitadle. for acceptance testing of materials
against product specifications, Present verification stand-
ards require that a testing machiné shall heve srrors in 1its
load readings not groater than +l percent, within the loading
rangec to\bo usad, - : .

For the precise determination of the.elastic constants
of metéls, smalldr - limits for the loadl errors are necessary,
This may not require z testing machlne with smaller errors
but (a) the magnitude of the errors must be known within
closer'limits; (b) the sensitivity of the machine must be
commensurate with the smaller ‘error limits; (c) the repro—
ducibility ‘of the indicated .loads must be within about the
same smaller limite; and (d) the loads must be indicated
within suitable 1imite»undor the conditions. used during teost—
ing. (rcferencc 2) :

In attempting to meet these requiremonts the Aluminum
Research Laboratories have made three separate calibrations
of each load rgngp. of the testing machine to be used; the
average of these three sets of data compared with the data
from the National Bureau of Standards' report omn the egliw
brating device used; and the loads indieated by the testing
machine corrected.in accordance with the aobserved errors,
Oomparisons ‘of the individusl readings for each of the dif-
feront loads used -in the three calibration runs show thea
sensitivity nnd reproducibility limits obtaining, Very slow
rates of loadlng are used to minimize if not ¢limlnate any
dynamic effects

Tho calibrating devices used, proving rings, Amsler
boxes, ond similar elastic devicesy, have becn calibrated by
tho National Bureau of Standards with their dead—-welght
machines (reference 3) and found to have errors within less
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then 0,2 percent, The errors in the National Bureau of
Stendards decd—-welght machines:-are. less. than 0,02 percent
and the maximum permissi%le deviation of each reading cf an
elastic calibrating device. is iO 2 percent froa an avorago
of at least three readings under the same load, Using these
calibrating devices and following the procedure outlined it
is possible %0 determine the tensile and compressive loads
used in making precise tests within £0,3 percent,

Similay. cqnsid ration must be given to the verification
of the strainomoters to be used in making precise determina—
tions of %ho slastic rconstants of metals, Unfortunately such
standard methods .are., nat :in existence at the prcsent time,
Proposed standard metheds,*howovor have heen prepared by a
" membor of the &Eaff of  bhg National Bureau of Standards and . )
published by the American Society for Testing Materials (ref—_:,
erence ‘4), ’'Ino. these pnOpOSed nethods, strairometers are "
classificd inta five different groups of which Class A is
the one sultable for the.pregise determinativh “cif -the elwstlc_
constants of metals.“ The naxinun permlssible error of indi-
cated strain for this clnss of. strainonetors is 0,00001 inech
per inech, The Tuckerman and Martens mirror anparatus (rcfer-
ence 5) are represontatzve 0f. the Lype  of: stralnometer which
would comc, within this proposed Class. &, . The Aluvninum’ Research
LaooratOrius have a Tuckernan sutocollimator and- - foutr Optical
strain gages’ each of which hag been individualiy'ealibrated -
by the National Burean; of, Standards (referenze 6), and sulteble'
constants furnished for use w1th each of the' gages. "These '
calibFation: results 1nd1cgte that these gages-will give strain
values within ébout £0,2 percentp

-

[ U

This . Tuczerman apparatus and the’ Natlonal Bureau of L
Standards' calibration data for-it have been used by the Alu—
minur Bessaréh Lgboratories "t0 check [the Templin ‘strainometer
calibrating device (reference 7). Thig device is used to *
check other strainometers such as the Martgns mirror appara—
tus, Ewing, Rieohle, :and Olsen <dXtonsometers, Huggenbergcrij
tensomctcrs ‘and isa forth . The results ohtained in checking
the strainomoter calibrating device with the Tuckermsan arparar.
tus indicated’ that the calibration factor for the device, on
the basis of. pmany check runs: vgrying by about 0,1 perceni
could be determlnod within abouwd: X0, 2. pcrcent corrosponding
to the error limit mpntioned prgv1ously for the Tuckerman
apparatus.‘i

'\

It ig nccessary ;n the precise detarmlnation of thc '
elastic constants of metals to0-load the: sPecimens uniformly

and axially so that the stresses induced in the specimens will
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be as uniform as posgible (reference 8)., Experience has
shown that 1t is uﬁually necesshry to provide special fix—
tures or devices t0 insure uniform stressing of the speci—
nens within closor 1linits than would be ,obtrined with the
devices generally provided "'with. qommercial ‘testlng machines,
In the case of tengile specimens satisfactory results havs
been obtained by the use of threaded adaptprs supported ia
the testing machine by suitably designed, precisely made,
and proporly lubricated’ snherically-eeated tengion bolts.
Other types aof shackles (reforenccs 9 and 10) also have
given satisfaotory results, Using such equipment it has
boon ‘found by -actual tests that tho deviation of strain
from the ovorage valuo ‘as measured  agf various IOcations
around the specimen, ‘willi be within 1. pcrcent “Averaging.
strain reoadings. fram bpposite elenents of ‘tho™ spcbimen will
reduce - tris oPror- qioso to that of the strainometers used

. PFor specimens under compre351on 1oads,'greater diffr—
cultics are often anqounterod in obtalning uniform stressing
when using the- commercial testing machines avallable, These
difficultics arise from such factors as out—of~parallelism
of 'the testing machino platons, errors ih the’ pitch of the
main screws. of tha testing machino and elastlc distortion
‘of the- platans hearing against the ends. of the specimen, '
The usoc of .z suitadbly doslgned subpress (rcferencc 11) or
platens (reforence. 12) in -the testing mnchine ‘minimizes or
eliminctes waony of tHe major troubles snéountored in odtain-
ing uniform strossing of the’ compresslon spocimens, In datpn .
obtained- "1th\such apparatus the deviantions from the avernge
stross should be not moro than those indicated for the tensile
test (within 1 percent), and as -in the case of the tensile’
tost, aveoraging - strains from oppositc ‘eloments of the speei-
men-: will reduco .this orror closc to .the errors. of tho strainou—
eters, .

The tonsile test specimon ordinarily uged for- nccaptﬂncc
tests of notals is not porticulorly woll suited for uso in.
detoruining the elastic constants, & suitable specinen (a)
should have & uniform cross section throughout its reduced
sectiony (b) should have the .axis of its reduced section
coincident with the axls of "tHe ends, of the specimen; (c)
should have a reduced scction length apprec1ably longer than
the gage length; (d) should have a gradual transition in
cross scction betweoen tho'reduced section and the ends of the
specimon; (c¢) should bec straight throughout its length; (f)
should have & secheme 0f gripping that will insure,. insofar as
possibloe, uniform strcssirg during loading (occurately chasod
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threaded ends or precisely nachined" shouldered ends will
meet this requirement); (g) should be machined smooth and
carefully so that any residual stresses or heating effscts
will be at o minimum and at~'leabt negligible; (h) should be
from & product frese from internal straine that will cause.
distortion and hence require straightening of the spec1mcn
during preparation; and (1) the cross—soctional area of the
reduccd scection and the gage length should be detormined
within suitable limits, say within "0,1 percent,  The type
of specimen used by the Aluminim Research Laboratories fdr
determining the tensile and compressive elastic congtants
is shown in figure 1, and in the photograph(fig. 2).

Here it may be emphasized that the procedure outlincd
is for the purpose of determining the elastlc constants of
the motal ond not for determining the apparent effects on
the constants of many of the factors involved in the test—
ing procedure, The eoffects of these factors on the values
of temslle and yield stroength, for example may be of little
practical significance, yet be apprsciablc in their effecus
on the elastic constant values._ o i.f_ ¢ .

In a1l. of the calibratlon and testing procedures Just
discussed, consideration must be given to the effects of
temperature. This is regularly done by the National Bureau
of Standards in their checking of load calibrating devices
and was done in thelr calibration of- t@e Tuckerman strain
apparatus mentioned, It was also taken intd account by the
Aluminum Rescarch Leboratoriss in checking their strainometer
calibrating device with the Tuckerman apparatus, The elastic

constant velues herein glven were dctermined at -temperatures -

close to thésg obtainlng for the calibration work and card

was oxercised to prevent any apprecisable temperature changesd -

during thc tests of a given spocimen, When determlning the
elastic coastants of s material having & relatively high co~
efficicnt of thermal expansion, temperature control is ossen—
tial for precise results,

The clastic constant streoss—strain data, obtained using
the testing procedure Jjust described, should be treated by
more refined methaods than generally used in.determining the
other mbchanical proporties, . Amohg the pr0cedures that can
be used, the ohes suggesnted by MeVetty and Mochel (reference
13)- and’ Tuckormas’ (reforonce’ 14) have boen found quite satis—

faoctory ani. are regularly used by the Alumlnum Research Lebo~%i

rat ories. :"_ ‘_ = . S I -l

. Tt ’ s .. [ A H
Y : . B T A T T

. e L o ¢

tem

L)

ek



(o2

NACA TN No, 9fFE€
....METHEODS FOR SEEAR_MQ?UQUﬁ

At the present tlme there a:e B0 "gtandard methods
for determining;the shear modulus of metalg, The values
given. in this paper.were.obtained from tdrsion tests of
golld round specimens tested in .an ‘Amsler tqrsion machinec .
(Type.150/300 T87) (reference 15) which 1s provided with
a dead—wplght calibratlng device and a Marfens mirror tr0p—
tometer,. :Calibration. with standard dedd weights (80 1D
each) checked agalnst a master weilght certified by. the.
National Bureau of Standards showad a maximum error for any.
of the torque ranges used of not more thdn 0,3 perccnt
The errors of the. troptqmetar are oelieved to ‘he less. than
0,2 perceut, ol . e W

POISSON'S RATIO

The Polgson's ratio valued given have been caleulated
from the well—-known relationship existing between Youngt'ls
modulus and thke shear modulus..'

B-28, . - E
B = B 0r e — l
2E4 S vedy -

The ¥allecs thus obtained indicate'an’'average value for
Poissont's ratio of about 1/3, and’this value is recOmmendcd
as sultable for: most engineerlng design purposes,

[

“TALUES OF'ELASTIc*cénswAﬁTs'FQR COMMERCTIAL

WROUGHT ALUMINUM ALLOYS
'Velues of the modulis “of eiasticity of wrought aluminui
alloys in ftension, ccmpression and shear determined in eccord—
ance with ﬂethOds indicataéd - above areg givcn in table I, Tcats
have indicated that a variation of oqu about 1 or 2 percoLt is
to be expectdd in the tensile and coupredsive values in varicus
lots and forms of a given wrought alloy even thongh the conpo—
sition, hecat treatwent, and cold work introduced in fabdrication
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vary throughout -the complete range permitted by good cdmmer—
cial practice, The data pertinent to the shear modulus
values are somewhat meager but by inference corresponding
small differences would be anticipated with variations in

the factors Just noted, The extrems variatlons in these
constants of F to 10 percent or more, found in the litera—
ture, are undoubtedly the result of the use of testing
methods unsuited for the precise determination of these con-
stants, A-testing technique may be entirely satisfactory for
the determination of tensile strength, tenslile yleld strength,
and elongation and yet be quite inadequate for the precise
determination of modulus of elasticity,

Since the modulus of ‘elasticity is practically constant
for a given wrought eluminum alloy product, and since precise
values arc avallable, it is rarely necessary for ordinary
engineering and research purposes to attempt to determine the
modulus for a given lot of such material involved in any
project, For most cases it 1s gqulte satisfactory to accept
the precise values of modulus listed in the accompanying
table, It may, howevser, be desirable to determine the siress—
strain curve for individusl lots of material because the part
of the stress—strain curve above the proportional 1limit may
vary for different lots and for different product forms of
the same nmaterial (references 16, 17, and 18), Such an in-
dividually determined stress—strain curve, whlle entirely
gatlisfactory for indicating the shape of the curve, may have
a slope for the initial straight—-line portion different from
the nominsl modulus of elasticity of the material, The rea—
gson for this difference often will be found in the various
errors involved in testing, and the magnitude of the differ—
ence can usually be considered & measure of the over—all
effects of the errors obtalniling,

CORRECTION OF DATA FOR ERRORS IN TESTING

Correction of a stress—strain curve for errorsin test— . -
ing can be done by adjusting the slope of the initial straight
line t0 egual the nominal modulus of elasticity and applying a
suitable consistent corrsction to the remainder of the curve,
The nature of the correction applied to the. remainder of the
curve, of course, will depsnd upon what type. of errors are
suspected of being reésponsible for the Faulty imitial slope,
The following types of errors are encountered:
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1. Brrors in magnitude of:s%rain, the error being ap~—
proximately proportioadl to the load.

Example:

The approximate strain on a compression member
may be measured simply by placing & dilal gage arrange—
ment between the platens of the testing machine so that
the movement of one head relative to the other is meas- -
ured. This measgsurement willl include not only the change
in length of the specimen but also the elastic dlstor-—
tions of the heads ¢f the testing machine, which in a
short specimen-may prove to be an appr ciable portion'
of the total nmovement. It is reasonqble 10 suppose
that this' dlstortion of the heads, being-.eclastic, is . -
pr'portidnal to the load on the toﬂtinF machinc. L '

In such instancés-the best prooedure for”correcting thc
stross—strain”curve.is that indicated in fi~ure 3. ‘

2., Brrors in ma%nitude of strain, the error being
approximgtely proportional to the strain, -

Exsuple:
Faunlty magnification ratio in the strainoneter,

In such cascs the best..method for correcting the stress—
strain curve is that indicated in figure 4. - . R

3. Zrrors in magnitude of loads, the crrors being
approximately proportiona) %o the load.

Example:

Errors in load—weighing mechanism of testing
‘machine. '

*Ih'stch cases the- best mothod for correcting the stress—
strain curve is that indglcated in figure 5.

"When the tyne of error leading to the faulty initlal
slope is not apparent from a consideration of the methods and
apparatus used, it 1s perhaps best to correct the stress—
strain curve by some combination of the three methods. For
example, the differcnce between thc correct modulus and the
apparent modulus can be divided into three equal parts and a
third part of the total corrcection nade, in turn, by each of the
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three methods suggested, The three steps, corresponding teo
figures 3, 4, and 5, might be performed as follows:

1, Correct eacﬁ strain'rea&ing s0 that:

X, f

Gorrected strain = measured strain — ~—

. . . B
1 biH i
where K, = E (;— — 1). :
a

2, Purther correct each of the abonﬁcbﬁracted'§trains“
so that:. : ’ R .o . '
Final stfaih_é-Kg X above correched strain,

where Ka = M =

(approx;)-ll— X, .
.. By + 2B . . 'iﬂ#lf .

3, Correct each stress reading so that:
' Final stf?Ss =Kz X measured stress,
.éEf
E + 2B

(approx,) 1 + K, ,

‘where Kz 5

When théseffiﬁ51'stféssés and final strains are replotted the
new modilus line will have the.desired correct slope and the
entife]gu;vé‘WiLL;probgbly be much nearer its correct position,

The above suggestions for correcting data are not limited
to stregss—strain curves but are also applicable in principle
to other types of data, such as .some load-deflection curves,
in which the correct initlal slope of the curve can be deter—
mined from the known nominal modulus of elasticity of the ma— -
terial,

THE MODULUS OF ELASTICITY OF ALCLAD PRODUCTS

The alclad products consist of a central core of high—
strength material protected on each side by an integral layer
of a different alloy, usually of lower strength, which is
sufficiently anodic to the core material to provide eslectro-
lytic protection against corrosive attack, In such materials
the determination of modulus of elasticity is consideradly
conplicated by the fact that the core and coating may not only
have different moduli but may also have widely different .
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oy
. C .

proportional limits. When the picces are wniformly stroessed
within the elastic ‘ranige “of *both the :core and coating the
offective modulus of the piece is a we eighted average of the
moduli of thé core "ard ‘coating.- This yalus is often called
the primary modulus of olasticity of the material. Whexn the
proporticnal limit of the centing is .exceeded, however, the
effective modulus of the alclad materiql, based on the full
thickness of the. plece, decrenases and quickly approaches a
value that 1s represented by the modulus of elasticity of
the core matorial multivplicd by the ratioc of the core thick-
ness to ,FhHe-betal thickness., This value is often called the
sccondary modulus of elastic*t; of . the mafterial. For engil-
neering purpoges an-intermediate average valué is sometimes
used which is smaller fthan® tac nrlmnry nodulus and larszor
than the secondary modulus. - v

When a single shoet of alclad is stressed in flexure
instead of direct tension or compression the quegticn ,of
effective modulus of elasticity becomes e€ven word co.uplex
because thd -coating, vy virtue of its position on the ex—
treme fibers, exerts a greatergaffect on the over—-all bo-—
_hnv1or_cf the picce. Teastes have indicated that under these
circumstaneds - a pleecs.- ¢f alclnd 24S—T sheet having a core

;thickness ‘90" perceat.. of the tetal thickness will- deflect
approxiia tely: the: sane, as a pioce of nonclad °4S—T having -
an over-all thicknoces counl to 93 porcent, of the total.
(See refergnce -19.) ,Thig approach to the provlem in cascs
6f flexure . .of igingle. . thicknoqses gecds nmore .logiaenl than

“jtrving tc qrr*vc at A valuo ¢t offdctivo modu’us of clae—

tlcity. e CoEEea . - '
Tho nuthore desire’ to aeknowledre the asesistance of
Mr, F. M. Howell,who dircctly supervised the teésting work
rnnuirpd 1n aotermlpinp the data given in table I.

(LTI - P

Aluminun Reseorch Inboratories,
' " Aluminum Comnany of Anerica,
'+ ‘New.Kensipgton; Pa., -kugust 23, 1944,

) : > ) . - e s
e L . TR
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TABLE I

ELASTIC CONSTANTS FOR VARIOUS WROUGHT ALUMINUM ALLOYS
DERIVED FROM PRECISE STRESS-STRAIN TESTS

Modulus of elasticity, psi x 10 ©
Recommended
Alloy | Tension | Compression average Shear | Poissgon's

tension and ratio

compression
28 9,9 10,0 10,0 3.8 0.32
538 2.2 10,1 10,0 3.8 .32
618 9,9 10,1 10,0 3.8 .33
528 10,1 10,2 10,2 3.85 .33
AR1S 10.1 10,3 10,2 3,88 .33
758 10,3 10,5 10,4 3.9 «33
28BS 10,3 10,5, 10,4 3,9 » 33
178 10,4 10,6 10,5 3.95 .33
148 10,5 10,7 10.6 4,0 .32
2453 10,5 10,7 10,% 4,0 .32
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Flgure 1.~ Speclmen for use in determining modulus of elasticity in temsion
and compression.
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Figure 2.- Martens mirror appératua end speclal tensilon grips as used in
determining modulus of elastlcity of aluminum alloys.
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Correction of stress~sgtrain curves
wken error is in magnituds of straln
ani is proportioral Lo load.
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Figure 3.
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NACA TN No. 966

Fig. 4

p Correction of stress-strain curves
when error 1ls in magnitude of strain
and is proportional %o sirain.

The correction is made as a constant —
// percentage increase or decrease in
7/ strain.
/ Actual strain = Kz measursd strain
(&, = Za
// 2 =)
//
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Strai#, €

Figure 4.
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Flg. B

Stress, T
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Correction of stress-sirain data when -
error is in magnitude of load and is
proportional to the load.

The correction is made as a constant —
percentage increasge or decreass in
stress.

Corrected stress = Kz measured stress —

(K3 = E‘E;) .

Strain, ¢

‘Figure 5.



